Background Prenatal diagnosis of fetal trisomy 21 and other chromosomal abnormalities is based on invasive tests, such as amniocentesis and chorionic villus sampling, which are carried out in women identified through screening as being at high risk for these abnormalities. The most widely used method of screening is the first-trimester combined test which utilizes maternal age, and measurements of fetal nuchal translucency thickness (NT) and maternal serum pregnancy-associated plasma protein-A (PAPP-A) and free β-human chorionic gonadotropin (hCG). Objectives To assess the influence of SLE on the levels of NT, PAPP-A, and β-hCG and whether any alterations in such levels may increase the rate of false positives and the subsequent number of invasive tests. Method This was a prospective first-trimester screening study for trisomies 21, 18, and 13 by a combination of maternal age, fetal nuchal translucency thickness, and serum PAPP-A and β-hCG at King's College Hospital, London, between March 2006 and February 2011. The study population included 47 cases with maternal SLE and 45,493 without SLE. The results of biomarkers in the SLE and non-SLE groups were compared. Results In the SLE group, compared to the non-SLE group, there were no significant differences in median maternal age, fetal NT, or serum PAPP-A MoM, but serum free β-hCG MoM was increased (1.402, IQR 0.872-2.290 vs 0.994, IQR 0.676-1.508). Conclusion In first trimester screening for trisomies, the measured value of free ß-hCG should be adjusted for maternal SLE to avoid false positive results and overuse of invasive tests.
Introduction
Chromosomal abnormalities are major causes of perinatal death and disability in childhood. Prenatal diagnosis of fetal trisomy 21 and other chromosomal abnormalities is based on invasive tests, such as amniocentesis and chorionic villus sampling, which are carried out in women identified through screening as being at high risk for these abnormalities. The most widely used method of screening is the first trimester combined test which utilizes maternal age, and measurements of fetal nuchal translucency thickness and maternal serum pregnancy-associated plasma protein-A (PAPP-A) and free β-human chorionic gonadotropin (β-hCG) [1] [2] [3] . Accurate assessment of risk for trisomies necessitates reliable measurements and interpretation of serum PAPP-A and free β-hCG since failure to do so would result in overestimation or underestimation of the risk with potentially serious consequences. Some case reports and small series in women with systemic lupus erythematosus (SLE) reported that serum levels of hCG in the second and third trimesters of pregnancy may be increased or decreased [4] [5] [6] . A study in 10 pregnant women with SLE and 1140 without preexisting maternal disease reported that in the SLE group first trimester serum free ß-hCG levels were increased, but in view of the study's limited statistical power, no significant differences were detected in the rates of false positives after combined first trimester screening Key point The authors argue that SLE can influence the results of first trimester screening, namely an increase of the rate of false positive results. Therefore, it is important to have a correction factor in the risk algorithm to prevent an increase in the number of invasive tests.
for trisomies [7] . It was therefore concluded that in pregnant women with SLE the risk for trisomy 21 would not be affected, and that combined first trimester screening could continue to be used in that population without significant problems.
SLE is a systemic autoimmune chronic inflammatory disease affecting 20-70 per 100,000 of the general population [8] . Main manifestations range from fatigue and arthralgias to nephritis, pneumonitis, and cardiac disorders, with immense impact on the quality of life of patients, when combined with frequent side effects from treatment [9] . Females have a 2.7-fold higher risk of having an autoimmune disease when compared to males. In the case of SLE, the female to male ratio is 9 to 1 and the incidence is 10 times higher at puberty, and the flares are more intense during the premenstrual period and in pregnancy [10] . Although female predominance has been known for more than a century, the causes of this imbalance remain unknown and several theories have been proposed [11] including hormonal, reproductive, fetal microchemistry, X chromosome inactivation and X chromosome anomalies [12] . The increase of the flares in the course of pregnancy supports the influence that mainly estrogens may have on the progression of SLE [12] . In the hypothesis of fetal microchimerism, defined by the persistence of immunocompetent fetal cells in the maternal circulation years after postpartum, this could be implicated in the pathogenesis of autoimmune diseases in women. Although the evidence was weak or inconclusive, this theory has evolved towards a complex generational microchimerism found in some autoimmune diseases such as diabetes mellitus type I, rheumatoid arthritis, autoimmune thyroid disease [11] . Another explanatory hypothesis about the predominance of autoimmune diseases in women resides in the inactivation of the X chromosome and the consequent escape, in 10-15%, of the self-antigens linked to X, the mechanisms of induction of tolerance, central and peripheral. Associated with this inactivation, there is also the so-called inactivation skewing (> 75% of genes linked to X are inactivated) or extreme inactivation skewing (> 90% of genes linked to X are inactivated): women are mosaics of Xlinked genes [11] . Epigenetic activation of the inactive X chromosome genes may also lead to a self-antigen immune reaction. The occurrence of SLE in males is similar to that in postmenopausal or prepubertal women. However, there is a 14-fold higher risk of SLE in men with Klinefelter's syndrome (i.e., XXY genotype), with the mechanism of inactivation and skewing being an important common feature [13, 14] . On the other hand, in Turner's syndrome, women rarely have SLE, although there is an observed incidence of autoimmune disorders [12] . In primary biliary cirrhosis (PBC), the female to male ratio is about 10:1, and it was found by Bianchi et al. [15] , that women with PBC have a higher prevalence of loss of X chromosome, but these patients do not seem to have higher prevalence of PBC, although they are prone to autoimmune diseases.
Given the limited number of published studies and their respective limited number of cases, the possible influence of SLE on serum free β-hCG and PAPP-A levels in the first trimester of pregnancy is yet to be properly evaluated. The aim of this study is to evaluate the influence of SLE on the levels of free β-hCG and PAPP-A used in first trimester prenatal combined screening and to determine whether SLE may increase the rate of false positive results, with a consequent increase in the number of invasive tests.
Methods
The
recorded, ultrasound examination was carried out to determine the gestational age from the measurement of the fetal crown-rump length (CRL) and measurement of fetal nuchal translucency (NT) thickness and serum PAPP-A and free ß-hCG concentrations were determined with automated equipment (Delfia Xpress system, PerkinElmer Life and Analytical Sciences, Waltham, USA). The measured concentrations of PAPP-A and free ß-hCG were converted to multiples of the normal median (MoM) after adjustment for gestational age, maternal racial origin, cigarette smoking, method of conception, and parity [3] . The risk for trisomies 21, 18, and 13 was calculated and if this was more than 1 in 100 an invasive test was carried out to determine the fetal karyotype. Details on pregnancy outcome were added to the database as soon as they were available.
Results were described through means, medians, interquartile ranges (IQR), absolute and relative frequencies. Regarding the prenatal screening algorithm performance measures, data about the detection rate, false positive and false negative rates, positive and negative predictive values, sensitivity and specificity were estimated. Variance analysis (ANOVA) and the Student t test (t test for unpaired samples) were used to compare means in two normal distribution groups; the Mood test and the Kruskal-Wallis test for medians were used to compare the samples of two groups in which the data did not present normal distribution. The binomial 2 Proportion Test was used to analyze proportions or percentages from different samples.
Results
The study population of 45,540 pregnancies was divided into 47 with and 45,493 without SLE. The characteristics of the study population are summarized in Table 1 . In the SLE group, compared to the non-SLE group, median gestational age at delivery and birthweight were lower. The findings of the first trimester combined test in the SLE and non-SLE groups are compared in Table 2 . In the SLE group, compared to the non-SLE group, there were no significant differences in median maternal age, fetal NT, or serum PAPP-A MoM, but serum free β-hCG MoM was increased (1.402, IQR 0.872-2.290 vs 0.994, IQR 0.676-1.508). There was no significant difference in the proportion of the two groups that was screen positive (risk > 1 in 100) based on maternal age, but in the SLE group there was a significantly higher proportion of women with a screen positive result from the combined test. PAPP-A, plasma protein-A; β-hCG, β-human chorionic gonadotropin; MoM, multiple of the median *p < 0.05, **p < 0.01 
Discussion
The findings this large first-trimester screening study for fetal trisomies 21, 18, and 13 demonstrate that the incidence of SLE is about 1% and that in this condition maternal serum free β-hCG is increased with a consequent increase in the screen positive rate. Although the false positive rate in the SLE group was higher than in the non-SLE group (8.5% vs. 3.2%), this difference did not reach statistical significance. Our finding of increased serum free β-hCG in patients with SLE is consistent with those of a previous first trimester study in 10 affected pregnancies [7] ; however, in contrast to the previous study, we found that the increase in free β-hCG was associated with an overall increase in the screen positive rate. In the past, it was advised that women with SLE should not get pregnant [16] . Better understanding of the pathophysiology of the disease and establishment of multidisciplinary intervention models have now improved the prognosis of pregnancy in such patients [17, 18] . However, pregnancy in patients with SLE and other autoimmune disorders is still a condition carrying some risks for both the mother and baby. These include miscarriage, prematurity, fetal growth disorders, and fetal death, which are thought to be the consequence of immunological changes in the placenta [19] [20] [21] [22] [23] [24] . In our study, we did not have any cases of SLE-related miscarriages or fetal deaths but the median gestational age at delivery and birthweight in pregnancies of women with SLE were lower than in those without SLE.
The proportion of pregnancies with SLE in the population undergoing screening is small and therefore the observed increase in serum free β-hCG MoM in such women would not have a global effect on the performance of screening. However, in women with SLE higher levels of free β-hCG would result in increased rate of invasive testing and would subject such women to an unnecessary risk of a procedurerelated miscarriage. In order to avoid such a practice, it would be necessary to include SLE as an additional factor that should be taken into account in the estimation of MoM values [3] .
The main limitation of our results arises from the relatively small number of cases of SLE compared to those without SLE because the level of reliability of the performance indicators decreases when the pathology under analysis has a low prevalence. Therefore, the interpretation of such indicators must be carried out with extreme care.
We conclude that first-trimester combined screening for trisomies should continue to be offered to pregnant women with SLE. However, it is necessary to introduce a correction factor in the risk algorithm in order to avoid an increase in the number of false-positive results and consequent increase in the rate of invasive tests.
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